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In situ determination of enhanced 
sintering kinetics due to applied fields 
Research Objectives
Develop an in situ methodology to 
investigate sintering kinetics of powder 
compacts under the influence of an 
applied field.
Challenges
Develop understanding of underlying 
mechanisms contributing to mass 
transport at the grain scale; develop field 
enhanced constitutive models for 
process modeling of sintering kinetics
Impact
Exploit field enhancement(s) for net 
shape manufacturing of next generation 
ceramics and metals; enhanced process 
models for virtual manufacturing to promote 
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What is flash sintering?
120V/cm DC field @ 850oC
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SPS – current, heat, pressure  Complex!
But it works! 
Ability to sinter “difficult” materials and 
at “lower” temps
Why?  TBD!
Mechanisms poorly understood for 
metals and ceramics
GOAL: Answer: What is the effect of the 
electric field?
Design controlled experiment to 
determine and quantify effect of electric 
field and/or electric current on sintering 



















sintering 1000s of A 1 ‐ 10V < 10 V/cm
Flash sintering mA to A 100‐1000V 100s to 1000s V/cm
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• Full field DIC strain measurement, temperature (furnace thermocouple 
close to sample, and electric current.  
• FLIR IR camera (optional) for full field sample temperature and high 
temperature DIC strain measurements 
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Aluminum 5083
Cold Isostatic Pressed (CIP)
72 and 138 MPa to study effect 
of starting green 
density/microstructure
4 oC/min to 550oC, hold for 90 min
Argon atmosphere
In-situ strain using optical DIC
Innovative metal powder 









10 ksi 4 550 90
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In-situ measurement of sintering 
kinetics: No applied field
Strain during heating 
measured using optical DIC 
(No E field)
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CTE (from cooling curves)
10 ksi: 26.3e-6 1/oC
20 ksi: 26.0e-6 1/oC
In-situ measurement of sintering 
kinetics: No applied field
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E = 28 V/cm, 3A
In-situ measurement of sintering 
kinetics: E = 28 V/cm
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In-situ measurement of sintering 
kinetics: comparison
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XRD
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Linking processing to microstructure
No electric field 28V/cm, 3A (sample edge)
10 ksi CIP + sinter polished surfaces (1000x)
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No electric field 28V/cm, 3A (sample edge)
10 ksi CIP + sinter polished surf (4000x)
Linking processing to microstructure
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No electric field 28V/cm, 3A (sample edge)
10 ksi CIP + sinter polished surf (10000x)
Linking processing to microstructure
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Observations on sample 
heterogeneity
Specimen center Specimen edge
“Edge” = denser
10 ksi CIP + sinter (28V/cm), 3A) polished surf
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Quenching after flash event
20 ksi AS CIP NO E FIELD
60V, 3A60V, 3A (QUENCHED)
UNCLASSIFIED
UNCLASSIFIED, Distribution A: Approved for public 









































Effect of field processing 
parameters on sintering kinetics
2x applied field results in ~100oC 
decrease in “flash” temperature
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How low temperature is possible?
AA5083 sintered 
under electric field 
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• Run away Joule heating often 
cited in literature to explain 
“flash” in ceramics
• Could “field effect” be resistive 
Joule heating in the sample 
resulting in a higher sintering 
temperature than the non-field 
sample?
• Sample non-conductive 
prior to flash
• Local temperatures at particle 
contacts could be much higher 
than bulk but would expect to 
see evidence of melting
• IR camera for full field 
temperature measurements 
during “flash”


















28V/cm, 3A: ΔTmax = 49oC
56V/cm, 3A: ΔTmax = 53oC
1 hz
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ΔT of sample during flash
Max. observed ΔT = ~75oC
T = ~475 oC
Experiment is current limited so 
Joule heating is about the same 
regardless of initial applied field 
strength
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Quantification of thermal strain
∆
UNCLASSIFIED
UNCLASSIFIED, Distribution A: Approved for public 
release, distribution is unlimited The Nation’s Premier Laboratory for Land Forces
How do local fields and current 
densities develop?
• Cold Isostatic Press 
simulation to generate 
starting microstructure
• 450 um box
• Particle D = 45 um
• Initial packing density = 
0.32
• 612 particles 
• Thermal-electric simulation 
to determine effective 
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Thermal-electric model results 
Evolution of conduction paths – 50% transparency, 1mA contour limit
0 MPa, vf = 0.44 0.017 MPa, vf = 0.45 0.024 MPa, vf = 0.47 0.03 MPa, vf = 0.51
3.6 Mpa, vf = 0.54 35 Mpa, vf = 0.63 75 MPa, vf = 0.71
> 1mA
Huge increase in 
conductivity with small 
evolution of microstructure
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• “Flash” sintering phenomena demonstrated in metallic powders
• Field plays a strong role in sintering and diffusion kinetics
• Rapid and permanent microstructure change during “flash”
• Field strength plays a strong role
• Joule heating contributes but, alone, cannot account for flash 
phenomena and enhanced sintering kinetics 
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• Quantification of activation energy 
for “flash” sintering of A5083
• Modeling
• Micromechanical to understand 
current pathways and local fields 
• Continuum scale modeling of 
sintering including field 
enhanced kinetics
• Experimental facilities being 
upgraded
• 1200oC vacuum furnace (4” tube)
• 30kV power supply
• In situ heating stage for SEM
Ongoing and future work
Evolution of particle-
particle contacts during 
cold isostatic pressing
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